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Abstract

Objectives—We evaluated a low-cost strategy for schools to improve the convenience and
appeal of drinking water.

Methods—We conducted a group-randomized, controlled trial in 10 Boston, Massachusetts,
schools in April through June 2013 to test a cafeteria-based intervention. Signage promoting water
and disposable cups were installed near water sources. Mixed linear regression models adjusting
for clustering evaluated the intervention impact on average student water consumption over 359
lunch periods.

Results—The percentage of students in intervention schools observed drinking water during
lunch nearly doubled from baseline to follow-up compared with controls (+9.4%; £<.001). The
intervention was associated with a 0.58-ounce increase in water intake across all students (P<.
001). Without cups, children were observed drinking 2.4 (SE = 0.08) ounces of water from
fountains; with cups, 5.2 (SE = 0.2) ounces. The percentage of intervention students observed with
sugar-sweetened beverages declined (-3.3%; < .005).

Conclusions—The current default of providing water through drinking fountains in cafeterias
results in low water consumption. This study shows that an inexpensive intervention to improve
drinking water’s convenience by providing cups can increase student water consumption.
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of Public Health, 677 Huntington Ave, SPH 3, Floor 7, Boston, MA 02115 (ekenney@hsph.harvard.edu). Reprints can be ordered at
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Water is essential for life, and access to safe, clean drinking water is a hallmark of public
health.! Inadequate water intake has been linked with indicators of poor health, such as
headaches,? and associated with reduced cognitive functioning in children.? Increasing water
intake may improve attention, memory, and cognition.*> Replacing sugar-sweetened
beverages (SSBs) with water facilitates weight loss in adults® and could reduce energy
intake and obesity risk in children,’-9 as well as the risk of dental caries.1? Despite these
population benefits, water consumption among children and adolescents is low, 112 and
many children are not adequately hydrated.13 Increasing children’s water consumption could
address several public health concerns simultaneously.14

Schools are a key partner in promoting water. Promoting student water consumption may be
informed by a behavioral economics approach (i.e., “nudging” individuals toward making
healthier choices®16) and changing the default choice to a healthy choice. Wansink has
proposed using a framework of making healthy foods “convenient, attractive, and
normative.”1” Small modifications to school cafeterias can facilitate healthier choices.18-20

To improve drinking water access, the Healthy, Hunger-Free Kids Act of 2010 required
schools participating in the National School Lunch Program to make free drinking water
available in meal service areas during lunch.21 Although most students report that schools
comply with this regulation,22 compliance can mean simply having a water fountain in the
cafeteria, which does not necessarily translate to easy access or convenience. Drinking water
access may be compromised in schools with older infrastructure2® or municipal water safety
issues.24 Although schools may opt to provide bottled instead of tap water, this is a less
sustainable solution because of the higher costs2® and the labor required for its
distribution23; improving tap water access is therefore an important goal. However, even
when students have access to free tap water, they may not drink it26; students often perceive
tap water as unsafe or unpalatable?7:28 despite tougher safety standards than bottled water.25
Improving drinking water access and increasing appeal are essential goals.

School-based interventions to increase water intake hold promise. Installing water fountains
in German elementary schools increased water consumption and reduced prevalence of
overweight in a randomized, controlled trial.2° Providing chilled, filtered water or reusable
water bottles and educational materials in schools is associated with increased self-reported
water intake.30-33 Placing water dispensers in school cafeterias is associated with an
increased proportion of students drinking water.34 However, these interventions may be
unfeasible for school districts with limited resources because they involve purchasing new
materials and infrastructure and using instructional time for water promotion.

We aimed to evaluate a low-cost strategy for schools to improve the convenience and appeal
of drinking water by using a randomized, controlled trial design. We hypothesized that an
intervention involving promotional signage and the provision of cups would increase
average student water consumption, increase the proportion of students who opt to drink
water, and decrease the frequency of students bringing SSBs to drink at lunch.
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METHODS

Ten Boston public schools (BPSs) participated in a group-randomized, controlled
intervention trial from April to June 2013 (Figure 1). The unit of randomization was the
school and the unit of analysis was the lunch period, with repeated observations of lunch
periods over several days. Schools were eligible if they had plumbed cafeteria drinking
water units that students could consistently access during lunch. To assess eligibility, a
telephone survey was conducted in February 2013 of all BPSs identified as having any
plumbed drinking water access (n = 37; other BPSs have bottled water only3°). All 14
schools identified from this survey were invited to participate via a memorandum sent to
school principals; 10 agreed to participate. We estimated that to detect an effect size of 0.14
ounces per student with 95% power, we would need 8 schools with 15 repeated observations
of lunch per school.

Schools were matched as closely as possible by the number and type of water sources (e.g.,
1 or 2 fountains, fountain only, or fountain plus cooler) and by grade level. A colleague not
involved in the study then randomized within these matched pairs to intervention or control
status following baseline data collection by using a computer-based random number
generator (5 intervention schools, 5 controls). Control schools received no intervention but
were offered intervention materials the following year.

The primary outcome was change in the average amount of water consumed across the
student population per lunch period. Secondary outcomes included changes in the
percentage of students at each lunch who consumed water and changes in the percentage of
students with SSBs at lunch. These outcomes were assessed during each lunch period for a
week of consecutive school days at both baseline (April 2013) and 3 weeks later at follow-
up (May-June 2013) via direct observation by trained research assistants.

Intervention

The “Grab a Cup, Fill It Up!” intervention was developed in partnership with BPS Food and
Nutrition Services, BPS Health and Wellness, and BPS Facilities Management departments.
Its goal was to increase water consumption by making drinking water more convenient and
attractive to students while requiring minimal costs and staff time.

The intervention had 2 components. First, to promote water’s appeal, posters highlighting
water source locations and encouraging consumption were displayed near cafeteria water
access points. The posters were developed for a wide range of age groups and reading levels,
with input from BPS students and staff. Second, to make consuming water easier, cup
dispensers were installed next to cafeteria water fountains and stocked with 5-ounce
recyclable cups chosen by BPS Food and Nutrition Services. Cafeteria managers and
custodial staff at intervention schools agreed to stock the dispensers as part of their regular
tasks.

Measures

Primary outcome—The average amount of water consumed during lunch was measured
with direct observation protocols. No identifying information was collected on students.
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During each lunch period observed, one research assistant counted the total number of
students present while another research assistant measured student water intake.

For fountains, which were present in all participating schools, research assistants first
estimated the flow rate by recording the amount of time (to 1/10 second) required to draw 8
ounces from the fountain. Each time a student used a fountain, research assistants recorded
how long the student had the fountain turned on and in use, noting whether the student drank
directly from the fountain or filled a cup or bottle. We estimated the ounces of water each
student drew from the fountain by multiplying the time they used the fountain by the
fountain’s flow rate. We assumed children consumed 96% of the water in their cup or bottle
if they used one, and assumed that children consumed 32% of the water from the fountain
stream if they drank directly from the fountain (based on related studies36:37; see Appendix,
available as a supplement to the online version of this article at http://www.ajph.org, for
additional details).

When water coolers were also available (3 schools), we estimated average student
consumption by weighing the cooler at the beginning and end of each lunch period,
estimating the total weight of water taken by students, converting to ounces, and dividing by
the total number of students in the cafeteria during the lunch period.

In one school, teachers served students water with pitchers and cups in addition to the
fountain; we noted the cup size (3 ounces) and estimated whether children drank none (0%),
some (33%), most (67%), or all (100%) of the water served to them.3”

Finally, we calculated the average amount consumed per student per lunch period by
summing the total amount of water consumed across all students and consumption methods
and dividing by the number of students present in the cafeteria.

Secondary outcomes—To estimate the proportion of students consuming water, we
divided the number of students consuming water by the total number of students in the
cafeteria during the lunch period. To document other beverages students had during lunch,
research assistants selected 1 table (not the same each day) in the cafeteria before students
were seated. After students sat down, the research assistants recorded the beverage(s) each
student had with his or her lunch. If time allowed, the research assistants moved to other
tables to document beverages for more children. Research assistants were trained to
categorize beverages on the basis of the beverage label and packaging as SSBs (this included
calorically sweetened soda, energy drinks, fruit drinks, sports drinks, and coffee or tea), milk
(including flavored milks), 100% juice, water from the cafeteria, water brought from outside
the cafeteria, other beverages (e.g., smoothies, diet beverages), or no beverage. We estimated
the proportion of students with each type of beverage by dividing the number observed with
each beverage by the total number of students observed in the table scan. On average,
research assistants documented beverages for 65% (SD = 35%) of the students in the
lunchroom. Research assistants were not informed about the intervention purpose or school
intervention status.
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Research staff visited intervention schools weekly after implementation to document
whether posters were in place and cups were available and to ask cafeteria managers about
implementation progress.

Intervention staff recorded the costs of printing posters, installing cup dispensers, and
supplying cups. We calculated start-up costs and ongoing costs separately. Start-up costs
included posters (4 per school) and cup dispensers (2 per school) and installation costs.
Ongoing costs included the average cost per day of providing cups. The cost of recycling the
cups was not estimated because the schools had existing recycling programs.

We obtained grade levels served, student—teacher ratio, total enroliment, and enroliment by
race/ethnicity, English-language-learner status, and free or reduced-price lunch status from
BPS.

Statistical Analysis

RESULTS

Multilevel linear regression models estimated the difference in the change in average amount
of water consumed and proportion of students consuming water per lunch period from
baseline to follow-up between intervention and control schools. The unit of analysis was the
lunch period. We used PROC MIXED in SAS version 9.3 (SAS Institute, Cary, NC) to
account for the clustering of repeated observation days and lunch periods within schools.

At baseline, we observed 8 schools for 5 consecutive days and 2 schools for 3 or 4 days
because of scheduling conflicts, for a total of 47 observation days and 179 lunch periods; we
observed 1599 instances of a student drinking water. At follow-up, we observed 8 schools
for 5 days and 2 for 4 days because of a holiday, for a total of 48 observation days and 180
lunch periods; we observed 2021 instances of a student drinking water. The number of
observation days and lunch periods did not differ between intervention and control schools
at baseline or follow-up. We used intention-to-treat protocols for all analyses of intervention
impact.

Participating schools educated a diverse student body across a range of grade levels (Table
1). Three schools served kindergarten through 8th grade, and 4 were high schools. Six
schools (3 intervention matched with 3 controls) had water fountains only in their cafeterias;
2 (1 intervention matched with 1 control) had coolers and fountains just outside the cafeteria
that students were allowed to use during lunch. One control kindergarten-through-eighth-
grade school had a fountain in addition to teacher-served water from pitchers and cups; this
school was matched with an elementary intervention school with a fountain in addition to a
cooler where teachers assisted children with getting water. Hispanic children made up about
40% of the student population, and most students were classified as low income.3?

There were no differences in student demographics between intervention and control
schools. However, baseline water consumption was significantly different between
intervention and control schools (0.5 fewer ounces per student at intervention compared with
control schools; £<.001), with a lower percentage of students taking water at intervention
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schools compared with controls (-12.9%; £ < .001). Among students who consumed water
at baseline, the majority consumed by drinking directly from the fountain in both
intervention (60.7%) and control schools (59.8%), with fewer students using their own cups
or bottles to get water from the fountain (7.7% in control schools, 3.0% in intervention
schools); few students consumed water from coolers (2.9% in control schools, 4.6% in
intervention schools).

After we adjusted for clustering and study design, participating in the intervention was
associated with a 0.58-ounce (95% confidence interval [CI] = 0.27, 0.90; £<.001) increase
in the average ounces of water consumed per student per lunch period at follow-up
compared with control status (Table 2).

At baseline, the average percentage of students who took water during each lunch period
was 5.8% in intervention schools and 18.7% at control schools. At follow-up, the percentage
of students taking water had increased to 13.1% in intervention schools and decreased to
16.7% in control schools (Table 2). The intervention was associated with a significant
increase in the percentage of children who took water during lunch (+9.4%; P<.001)
compared with control schools.

Nearly 10% of students in intervention schools were observed with SSBs at baseline (all
coming from outside the school food service program, which did not offer SSBs), compared
with 7.9% of control students (Table 3). At baseline, about half of the students observed had
milk at their lunch table in both intervention and control schools. We infrequently observed
100% juice and other beverages. The intervention was associated with a =3.3% (95% CI =
-5.7, -1.0; £P=.005) reduction in the percentage of students observed with SSBs at lunch in
intervention schools compared with control schools, and a —=3.0% (95% CI = -5.6, -0.3; P
=.03) reduction in the percentage of students with 100% juice. There were no significant
changes observed with milk or other beverages.

To further explore the potential mechanisms of the intervention, we estimated the impact of
providing cups, hypothesizing that these were essential for increasing water intake. We
noted that students who drank water from fountains drank an average of 2.4 ounces per
lunch (SE = 0.08) when drinking directly from the fountain (regardless of intervention status
or time), but drank an average of 5.2 ounces per lunch (SE = 0.2) when using a cup. At
follow-up, 54.9% of students who drank water in intervention schools used cups, compared
with 1.6% at baseline (in control schools, 0.1% of students drinking water used cups at
baseline or follow-up); meanwhile, the percentages of students using bottles did not change
from baseline to follow-up in intervention or control schools. Therefore, the biggest shift in
intervention schools appeared to be from drinking directly from the fountain to drinking
with cups.

To quantify the impact of the cups, we examined the 860 observations of students drinking
water from fountains just among intervention schools at follow-up. We estimated the
association between having an intervention-provided cup or self-provided bottle and water
consumption by calculating a regression model (adjusted for clustering of observations by
days, lunch periods, and schools) with indicator variables for using a cup (yes or no) or
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bottle (yes or no); drinking directly from the fountain stream was the reference condition.
Using a cup was associated with 3.3 more ounces of water consumed (P < .001).

The average total start-up cost of this intervention was $241.26 per school. Cup dispensers
were $11.99 each. Installation of cup dispensers at 5 schools cost $806.40 total, or $161.28
per school. On average, 4 posters ($14 each) were installed per school. We estimated a total
of $0.64 per school per day for cups (22 cups used per school per day in intervention
schools*$0.03 per cup). Ongoing costs totaled $0.64 per day per school, or less than a tenth
of a cent per day per student.

Cafeteria managers at intervention schools made positive comments about the intervention.
At 2 schools, posters required replacement. Two schools (one of which had also had
difficulty with signage) reported problems with stocking the cups consistently. The mean
duration of the signage component of the intervention was 20.2 (3.0) days, with a range of
16 to 23 days. The mean duration of the cup component of the intervention was 15.4 (7.6)
days, with a range of 5 to 22 days.

DISCUSSION

This group-randomized, controlled trial demonstrated that a low-cost intervention promoting
the convenience and attractiveness of drinking water increased water consumption across the
student population. The amount of water consumed per student more than tripled in
intervention schools (from 0.21 to 0.74 ounces per student) while staying about the same in
control schools (0.71 vs 0.65 ounces per student); similarly, the percentage of students
choosing to drink water during lunch more than doubled, from 5.8% at baseline to 13.1% at
follow-up. In addition, as more students consumed water during lunch, fewer students were
observed with SSBs or 100% juice. The proportion of students taking milk did not change.

These results are consistent with studies of similar strategies to increase students’ water
intake.29-34 Taken together, these findings suggest that schools can use a range of strategies
to make it easier for students to drink more water, and that simple modifications to the
school’s drinking water environment can have a significant impact. Although previous
research has shown higher-cost strategies to be effective (i.e., purchasing reusable water
bottles3 and updated water fixtures29:33:34) this study shows that simply providing cups—a
strategy costing less than one tenth of a cent per student each day—can increase student
water intake and the prevalence of water consumption.

These results also suggest that providing water to students through drinking fountains alone
is a fairly inefficient and ineffective approach. We estimate that students intake about 2.4
(SE = 0.08) ounces from fountains, wasting two thirds of the water coming from the
fountain. At follow-up, among intervention schools, students who drank water from a
fountain by using a 5-ounce cup consumed 3.3 more ounces of water than students who
drank directly from the fountain stream. Drinking directly from fountains is simply a less-
efficient strategy for drinking water.38 Improving drinking water infrastructure, updating
fixtures, and further increasing convenience, perhaps by offering tap water as a beverage on
a lunch line,34 may also be necessary for increasing water intake further. However, for
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districts with limited resources, simply providing cups next to existing water fountains may
be an effective strategy for increasing intake and reducing water waste. Promotion of
reusable water bottles may be appropriate, particularly in schools without recycling
programs or districts attempting to reduce overall waste production. Future studies should
explore the impact of different strategies for water delivery on consumption.

Increasing student water intake may reduce the frequency with which students have an SSB
at lunch. Although one previous similar intervention saw reductions in SSB consumption as
water intake increased,3! most evaluations have not, despite including intervention activities
targeted at reducing SSB consumption.2%-31:33.40 |t s possible that the SSB results in our
study may not be generalizable to other schools (at the time of the study, BPSs’ policy on
SSBs, which completely banned the sale or provision of SSBs on school property or at
school-sponsored events, was stronger than most schools’). In addition, we were unable to
measure SSB intake; it is possible that actual intake did not change despite the decreased
prevalence of SSBs at lunch. Future research should further evaluate whether interventions
to promote drinking water can also significantly reduce SSB consumption.

Although water intake, and the proportion of students taking water at lunch, did increase in
this study, the average water consumed per lunch period across all students was still low.
Post hoc analyses suggested that water consumption may have been even lower in high
schools. Several of the school principals, cafeteria managers, and teachers at participating
high schools informally reported to research assistants that students perceived the water
from fountains as being poor quality, echoing findings from previous studies.?”28 In
addition, many students avoided drinking any beverage with their lunches. In our study, at
any given time, and across all grade levels, more than one quarter of students had nothing to
drink with their lunch. Future intervention studies could assess whether more intensively
targeting student perceptions of drinking water, especially tap water, might have a more
favorable impact on water consumption, particularly among older students. Additional
research should be conducted with students to understand why they do not consume a
beverage with lunch.

We used a randomized, controlled design and observational methods to measure water
intake, rather than relying on student self-report. Particularly with younger children, self-
report of dietary intake is often not valid*! and may be subject to self-reporting biases in
intervention studies. However, although research assistants were blinded to the intervention,
it is possible that they ascertained what the intervention entailed. We could not assess intake
over time at an individual student level, although we were still able to estimate the
intervention’s population impact by using repeated observations of population-level data. In
addition, because of the study’s short follow-up, we were unable to determine long-term
impact on student behaviors.

Schools may increase student water intake during lunch and promote the habit of consuming
water as a beverage via low-cost strategies such as providing cups and promoting water via
signs. This inexpensive method to support student health cost less than a cent per student per
day.
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[ Enroliment ]

Schools assessed for eligibility (n=121)

Schools excluded (n=111)

0 Not meeting inclusion criteria (n=107)
No plumbed drinking water access
anywhere in building (n=84)

No plumbed drinking water access in
meal service area (n=23)

o Did not respond (n=4)

Prior to randomization, programs matched
on grade levels served and type of water

Schools randomized (n=10)

sources present in cafeteria

A 4

Schools allocated to intervention (n=5)
0 Received allocated intervention (n=5)

Allocation 3
L J

Schools allocated to control/delayed intervention (n=5)

1

v Follow-Up | v

Schools followed up (n=5)

Schools followed up (n=5)

v § Analysis | v

Schools with outcome data analyzed (n=5)
O 89 lunch periods observed at baseline, 88 at
follow-up

Schools with outcome data analyzed (n=5)
[ 90 lunch period observed at baseline, 87 at follow-up

FIGURE 1.

Grab a Cup, Fill It Up! intervention trial flow chart, Boston Public Schools, April-June

2013.
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Characteristics of Schools (n = 10) Participating in the Grab a Cup, Fill It Up! Intervention Trial: Boston, MA,

April-June 2013

Intervention (n = 5), No. (%)or Mean

Variable +SD Control (n =5), No. (%)or Mean +SD P&
Grade levels 46

Elementary school 2 (40) 0 (0)

Elementary and middle school combined 1(20) 3 (60)

High school 2 (40) 2 (40)
Total enrollment 725.2 £554.0 874.0 +988.87 .8
Male, average % 493155 45,4 £9.2 48
Race/ethnicity, average %

Non-Hispanic Black 28.9+14.0 17.2+19.4 .36

Hispanic 40.0 £11.8 40.2 £36.9 .99

Non-Hispanic White 19.7 £16.9 30.0 £29.1 .56

Asian 9.3+9.0 9.6 £13.3 .98

Multiracial 1.8+0.9 2522 .56
English-language learner, average % 25.6 +15.9 21.0£27.3 .78
Low income,baverage % 66.8 £13.1 51.2+22.3 .28
Receiving special education services, average % 19.2+12.5 10.7+7.3 .24
Student-teacher ratio 12928 15.6 £3.9 .3
No. of students present in cafeteria per lunch period 152.5 +143.1 163.3 £246.0 72
Wiater sources available in cafeteria .16

Fountains only 3 3

Fountains and a cooler 1 1

Fountains and teacher-assisted cooler 1 0

Fountains and teacher-assisted pitcher and cups 0 1

Note. School characteristics obtained from Boston Public Schools.38

a . . . . .
Pvalues are from the ztest for continuous variables and the Fisher exact test for categorical variables.

The percentage of low-income enrollment indicates the percentage of students who are eligible for free or reduced-price lunch, receive
Transitional Aid to Families benefits, or are eligible for food stamps. (Source: Massachusetts Department of Elementary and Secondary

Education.39)
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